(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 1 288 902 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

05.03.2003 Bulletin 2003/10 

(21) Application number: 02019312.4 

(22) Date of filing: 28.08.2002 



(51) Intel/: G09G 3/32, H03K 17/14 



(84) Designated Contracting States: 


(72) Inventor: Abe, Katsumi, NEC Corporation 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Tokyo (JP) 


IE IT LI LU MC NL PT SE SK TR 




Designated Extension States: 


(74) Representative: Glawe. Delfs. Moll 


AL LT LV NIK RO SI 


Patentanwalte 




Postfach 26 01 62 


(30) Priority: 29.08.2001 JP 2001259000 


80058 Miinchen (DE) 


(71) Applicant: NEC CORPORATION 




Tokyo (JP) 





< 

CM 

O 

00 
00 
CM 

O. 

LU 



(54) Driver for a TFT display matrix 

(57) This invention provides a precise current load 
device. A cell includes a power supply line, a ground 
line, first and second voltage supply lines, a signal line, 
first, third and fourth control lines, first to fourth switches, 
a p-type TFT, a capacitance element, and a current load 
element. A source of the p-type TFT is connected to the 
power supply line, one terminal of the current load ele- 
ment is connected to the ground line, the first switch is 
connected between the signal line and a drain of the p- 
type TFT, the second switch is connected between the 
drain and the gate of the p-type TFT, the third switch is 
connected between the drain of the p-type TFT and the 
current load element, the fourth switch is connected be- 
tween the voltage supply line and the current load ele- 
ment, and the capacitance element is connected be- 
tween the gate of the p-type TFT and the voltage supply 
line. In a first state, the first, the second and the forth 
switches are turned on and the third switch is turned off 
to retain a current flowing through the signal line in a 
short time. In a second state, the first, the second and 
the fourth switches are turned off and the third switch is 
turned on to supply the current to the current load ele- 
ment. In a third state, the first and the second switches 
are kept in a off state, the third switch is turned off and 
the fourth switch is turned on to quickly stop the supply 
of the current and the operation of the current load ele- 
ment. Thus, a current load device including a matrix of 
cells that drive the current load element with a highly 
precise current can be provided. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a current load 
driving circuit for driving a current load element and a 
method for driving the same. In particular, it relates to a 
current load device comprising current load elements 
and current load driving circuits arranged in a matrix, 
and a method for driving the same. 

Description of the Prior Art 

[0002] In recent years, a device having cells arranged 
in a matrix, each of the cells comprising a current load 
element that operates depending on a current passing 
therethrough and a current load driving circuit for driving 
the current load, has been developed. 
[0003] For example, in many light emitting display de- 
vices with an organic EL (electroluminescence) device 
serving as the current load element, pixels each com- 
prising the organic EL device and a drive circuit therefor 
are arranged in a matrix and driven according to the ac- 
tive matrix method. FIG. 37 is a schematic plan view of 
a display apparatus of such a light emitting display de- 
vice. As shown in this drawing, on a display apparatus 
1 , there are formed a plurality of control lines CL extend- 
ing in a row direction (the control lines are assigned con- 
secutive numbers #1, #2, ...,#(K-1),#K, #(K+1), ...)and 
a plurality of signal lines SL extending in a column di- 
rection (the signal lines are assigned consecutive num- 
bers #1, #2, #(M-1), #M, #(M+1), ...). A pixel 2 is 
formed at an intersection of the control line CL and the 
signal line SL. This display device is driven as follows: 
the control lines CL are selected one by one; in synchro- 
nization with selection of one control line CL, the signal 
lines SL are supplied with brightness signals for pixels 
connected to the selected control line CL; in this state, 
the brightness signals are written to the pixels in the se- 
lected row; and the pixels continues the illumination ac- 
cording to the respective written signals until the control 
line is selected again. 

[0004] A typical configuration of the pixel of the light 
emitting display device according to this method is 
shown in FIG. 38 (referred to as a first conventional ex- 
ample, hereinafter). As shown in FIG. 38, the signal line 
SL (#M), a power supply line VCC, a ground line GND 
and the control line CL (#K) pass through the pixel 2, 
and a light emitting device LED has an anode connected 
to the power supply line VCC and a cathode connected 
to the drain of a TFT (thin film transistor) Q, and the 
source of the TFT Q is connected to the ground line 
GND. A switch SW1 is connected between the gate of 
the TFT Q and the signal line SL and controlled by the 
control line CL. A capacitance element C is connected 
between the gate of the TFT Q and the ground line GND. 



[0005] An operation of the pixel according to this first 
conventional example is as follows. When the control 
line CL is selected, the switch SW is turned on. At this 
time, a voltage enough to supply a current according to 
5 a current-brightness characteristic of the light emitting 
device LED is applied to the gate of the TFT Q through 
the signal line SL so as to cause the light emitting device 
LED to emit light with brightness at an intended gray- 
scale level. The gate voltage is maintained (retained) by 
10 the capacitance element C, even when the control line 
CL is deselected and the switch SW1 is turned off. This 
operation enables the light emitting device LED to main- 
tain brightness at an expected gray-scale level. 
[0006] The first conventional example has a disad- 
vantage. That is, when there is un-unifomity in TFT' s 
current/voltage characteristics, even if a same voltage 
is applied to gates, the light emitting devices are sup- 
plied with various currents. Consequently, the light emit- 
ting devices are not supplied with a current enough to 
provide an expected brightness, and thus, the quality of 
the display device is reduced. In particular, there is quite 
large deviation of current/voltage characteristics of poly- 
silicon TFTs, which are often used in display devices, so 
that the image quality thereof is significantly reduced. 
[0007] To solve the problem, there has been imple- 
mented a method of supplying a current to a transistor 
in the pixel circuit through the signal line, converting the 
current into a voltage by the transistor and maintaining 
(retaining) the voltage. 

[0008] FIG. 39 is a circuit diagram showing an ar- 
rangement of the pixel of the light emitting display device 
according to the method of supplying a current signal 
through the signal line, which is disclosed in Japanese 
Patent Laid-Open No. 11-282419 (referred to as a sec- 
ond conventional example, hereinafter). As shown in 
FIG. 39, a signal line SL (#M), a power supply line VCC, 
a ground line GND and a control line CL (#K) pass 
through a pixel 2. A light emitting device LED has an 
anode connected to the power supply line VCC and a 
cathode connected to the drain of a TFT Q1 , and the 
source of the TFT Q1 is connected to the ground line 
GND. A switch SW1 , which is controlled by the control 
line CL, is connected between the signal line SL and the 
drain of a TFT Q2, and the TFT Q2 has the gate and the 
drain short-circuited and the source connected to the 
ground line GND. A switch SW2, which is controlled by 
the control line CL, is connected between the gate of the 
TFT Q1 and the gate of the TFT Q2. In addition, a ca- 
pacitance element C is connected between the gate of 
the TFT Q1 and the ground line GND. 
[0009] An operation of the pixel according to this sec- 
ond conventional example is as follows. When the con- 
trol line CL is selected, the switches SW1 and SW2 are 
turned on. At this time, a current according to a current- 
brightness characteristic of the light emitting device LED 
flows through the signal line SL to cause the light emit- 
ting device LED to emit light with a brightness at an in- 
tended gray-scale level. This current flows between the 
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drain and source of the TFT Q2. However, since the gate 
and drain of the TFT Q2 are short-circuited, the gate 
voltage thereof is set at a value for passing the same 
current through the TFT Q2 in a saturation region, and 
the voltage is retained by the capacitance element C. 
The TFT Q1 and the TFT Q2 form a current mirror. Thus, 
if current/voltage characteristics of TFT Q1 are equal to 
those of the TFT Q2, a current, whose value is equal to 
that of the current flowing through TFTQ2 and the signal 
line SL, flows through the TFT Q1 and is supplied to the 
light emitting device LED. Then, even if the control line 
CL is deselected, the gate voltage of the TFT Q1 is main- 
tained (retained) by the capacitance element C. There- 
fore, the TFT Q1 can supply the current to the light emit- 
ting device LED, and the light emitting device LED can 
maintain brightness at an expected gray-scale level. 
[0010] FIG. 40 is a circuit diagram of one pixel of an- 
other light emitting display device according to the meth- 
od of supplying a current required for light emission with 
an intended brightness through the signal line, which is 
disclosed in "Digest of lEDM" (1998), pp. 875 - 878 by 
R. M. A. Dawson et al. As shown in FIG. 40, a pixel 2 of 
this light emitting display device comprises a signal line 
SL (#M), a power supply line VCC, a ground line GND, 
a control line CL1 (#K) and a control line CL2 (#K) pass- 
ing therethrough, four p-channel TFTs (p-TFT, hereinaf- 
ter) Qp1 to Qp4, a light emitting device LED and a ca- 
pacitance element C. The p-TFT Qp4 has the gate con- 
nected to the control line CL2, the source connected to 
the power supply line VCC and the drain connected to 
the source of the p-TFT Qp1. The drain of the p-TFT 
Qp1 , as well as the drain of the p-TFT Qp3 having the 
gate connected to the control line CL1 , is connected to 
an anode of the light emitting device LED. The source 
of the p-TFT Qp3 is connected to the gate of the p-TFT 
Qp1 , and a cathode of the light emitting device LED is 
connected to the ground line GND. The p-TFT Qp2 has 
the gate connected to the control line CL1. the source 
connected to the signal line SL and the drain connected 
to the source of the p-TFT Qp1 and the drain of the 
p-TFT Qp4. In addition, the capacitance element C is 
connected between the gate and source of the p-TFT 
Qp1. 

[0011] An operation of the pixel according to this third 
conventional example is as follows. If the pixel 2 is se- 
lected, the control line CL1 (#K1 ) enters into an "L" state, 
the control line CL2 (#K) enters into an "H" state, the 
p-TFT Qp2 and the p-TFT Qp3 are turned on, and the 
p-TFT Qp4 is turned off. Then, a current according to a 
current-brightness characteristic of the light emitting de- 
vice LED flows through the signal line SL (#M) to cause 
the light emitting device LED to emit light with a bright- 
ness at an intended gray-scale level. This current is sup- 
plied to the light emitting device LED through the TFT 
Qp2 and TFT Qp1 . At this time, the p-TFT Qp1 has the 
drain and the gate short-circuited via the drain and 
source of the p-TFT Qp3 and operates in the saturation 
state, the gate voltage of the p-TFT Qp1 is set at a value 



to provide the current, and the voltage is retained by the 
capacitance element C. When the selection of the con- 
trol line shifts from the lines #K to the next, the control 
line CL1 (#K) enters into the "H" state, the control line 
5 CL2 (#K) enters into the "L" state, and the supply of the 
current from the signal line SL to the pixel is stopped. 
However, the p-TFT Qp4 is turned on, and the current 
flows through this transistor. In this case, the gate volt- 
age of the p-TFT Qp1 , when the current from the signal 

10 line SL flows through the p-TFT Qp1 , is maintained (re- 
tained) by the capacitance element C. Therefore, the 
p-TFT Qp1 can supply the current to the light emitting 
device LED, and the light emitting device LED can main- 
tain a brightness at an expected gray-scale level. 

15 [001 2] According to the first conventional example de- 
scribed above, the brightness depends on the voltage 
signal. However, there is quite large deviation of current/ 
voltage characteristics of poly-silicon TFTs, and even if 
the same voltage is applied to the gates of TFTs, the 

20 light emitting devices are supplied with various currents, 
and thus, the brightness thereof varies. Therefore, there 
is a disadvantage that it is difficult to cause the light emit- 
ting device to emit light with an intended brightness, and 
the quality of the display device is reduced. 

25 [0013] According to the second conventional exam- 
ple, a pair of transistors forming the current mirror are 
each constituted by a TFT. However, unlike with a crys- 
talline silicon transistor, it is possible that the transistors 
of the pair have current/voltage characteristics which 

30 are significantly different from each other even when 
they are disposed close to each other. Therefore, a dif- 
ference in current/voltage characteristics appears be- 
tween the transistor for retaining (converting) the current 
and the transistor for supplying the current to the light 

35 emitting device, and thus, it becomes difficult to repro- 
duce an intended brightness with high precision. 
[0014] In the case of the third conventional example 
described above, if the organic EL or the like is used as 
the light emitting device, the light emitting device has a 

40 capacitance of the order of several pF in parallel there- 
with, and the capacitance constitutes a load on the driv- 
ing TFT. Thus, when a pixel is to be selected, it takes a 
long time for the current value of the driving TFT to settle 
at a value for supplying an expected current to the light 

45 emitting device and for the voltages of the parts to settle 
in a state where the expected current is supplied to the 
light emitting device. Therefore, if the selection period 
is shortened to accommodate higher definition, the se- 
lection period will expire before the gate voltage of the 

50 p-TFT Qp1 settles at a value at which the current flowing 
through the signal line equals to the current the p-TFT 
Qp1 supplies to the light emitting device, and thus, the 
p-TFT Qp1 cannot supply an expected current to the 
light emitting device. Then, the light emitting device LED 

55 emits light with an unexpected brightness, and thus, the 
image quality is reduced. That is, the third conventional 
example has a disadvantage in that enhancing the def- 
inition reduces the image quality. 



3 



5 



EP 1 288 902 A1 



6 



BRIEF SUMMARY OF THE INVENTION 

[0015] This invention is to solve such problems of the 
prior art arising in driving a current load element, and in 
particular, a light emitting device, such as an organic EL 5 
device. A first object of this invention is to provide a cur- 
rent load device which can supply current load elements 
with high precision. A second object thereof is to provide 
a current load device which can be increased in defini- 
tion and size without degradation in device characteris- 10 
tics by allowing a voltage between a source and gate of 
a driving TFT to quickly settle at a value for passing an 
expected current through the driving TFT. 
[001 6] In order to attain the objects, according to this 
invention, there is provided a current load device com- 15 
prising: a driving transistor having a source connected 
to a power supply line or a ground line GND directly or 
via a transistor; a first switch connected between a sig- 
nal line and a drain of the driving transistor; a second 
switch connected between the drain of the driving tran- 20 
sistor or the signal line and a gate of the driving transis- 
tor; a capacitance element having one terminal connect- 
ed to an appropriate voltage line and the other terminal 
connected to the gate of the driving transistor; and a se- 
rially-connected assembly of a current load element and 25 
a third switch, the serially-connected assembly being 
connected between the ground line or any power supply 
line and the drain of the driving transistor. 
[0017] Preferably, the third switch is turned on when 
the first switch is turned off, and is turned off before the 30 
first switch is turned on. More preferably, a fourth switch, 
which operates oppositely to the third switch, is connect- 
ed to the current load element in parallel. 
[0018] In addition, in order to attain the objects, ac- 
cording to this invention, there is provided a method for 35 
driving a current load device, the current load device be- 
ing active-matrix driven and comprising a plurality of 
cells each comprising a current load element, a driving 
transistor for supplying a driving current to the current 
load element and a retention capacitance element for 40 
retaining a voltage to be applied to the driving transistor, 
wherein a current is not supplied to the current load el- 
ement at leas t during a period in which the retention 
capacitance element conducts the retaining operation. 
[001 9] Preferably, the supply of the current to the cur- 45 
rent load element is stopped before the retention capac- 
itance element starts the retaining operation. More pref- 
erably, when the supply of the current to the current load 
element is stopped, charges stored in the current load 
element are forcedly removed. 50 

[Operation] 

[0020] According to the arrangement of this invention 
described above, a switch is provided between the driv- 55 
ing transistor for retaining and supplying the current and 
the current load element, and the switch is held in the 
off state during a period of operation of retaining the cur- 



rent; that operation is to set a gate voltage of the driving 
TFT to flow an appropriate current between the drain 
and the source of the driving TFT via the signal line. 
Therefore, in retaining the current, the effect of the ca- 
pacitance of the current load element can be eliminated 
and the current can be retained in a short time. 
[0021] Besides, in the case of an arrangement in 
which the switch SW between the driving transistor for 
retaining and supplying the current and the current load 
element is turned off an arbitrary time after the start of 
the supply of the current to the current load element, the 
performance of the current load element becomes the 
time-average performance controlled by the ratio of op- 
erating and un-operating period of the current load ele- 
ment. In this case, to attain the same performance as in 
the case of not stopping the operation, the performance 
of the current load element needs to be increased while 
it operates and the current supplied to the current load 
element has to be increased, so that the current sup- 
plied to the signal line is also increased. Therefore, a 
time required for charging the capacitance of the signal 
line or load can be reduced, and a time required for re- 
taining the current can be reduced. 
[0022] In addition, if the current load element is a light 
emitting device, such as an organic EL device, since the 
display operation involves the state where the light 
emission is stopped as described above, the display op- 
eration is similar to that of CRTs (cathode ray tubes) and 
an afterimage is hard to remain, and thus, moving im- 
ages can be displayed with higher quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

FIG. 1 is a diagram showing a configuration of a pix- 
el according to the first embodiment of this inven- 
tion; 

FIG. 2 is a timing chart of an (first) operation exam- 
ple according to the first embodiment of this inven- 
tion; 

FIG. 3 is a timing chart of (second) another opera- 
tion example according to the first embodiment of 
this invention; 

FIG. 4 is a timing chart of (third) another operation 
example according to the first embodiment of this 
invention; 

FIG. 5 is a diagram showing a configuration of a pix- 
el according to the second embodiment of this in- 
vention; 

FIG. 6 is a timing chart of an operation example ac- 
cording to the second embodiment of this invention; 
FIG. 7 is a diagram showing a configuration of a pix- 
el according to the third embodiment of this inven- 
tion; 

FIG. 8 is a diagram showing a configuration of a pix- 
el according to the fourth embodiment of this inven- 
tion; 
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FIG. 9 is a timing chart of an operation example ac- 
cording to the fourth embodiment of this invention; 
FIG. 10 is a diagram showing a configuration of a 
pixel according to the first example of this invention; 
FIG. 11 is a (first) diagram for illustrating an opera- 5 
tion according to the first example of this invention; 
FIG. 12 is a (second) diagram for illustrating an op- 
eration according to the first example of this inven- 
tion; 

FIG. 13 is a timing chart of an operation according 10 
to the first example of this invention; 
FIG. 14 is a diagram showing a configuration of a 
pixel according to the second example of this inven- 
tion; 

FIG. 15 is a diagram showing a configuration of a 15 

pixel according to a third example of this invention; 

FIG. 16 is a timing chart of an operation according 

to the third example of this invention; 

FIG. 17 is a diagram showing a configuration of a 

pixel according to the fourth example of this inven- 20 

tion; 

FIG. 18 is a timing chart of an operation according 
to the fourth example of this invention; 
FIG. 19 is a diagram showing a configuration of a 
pixel according to the fifth example of this invention; 25 
FIG. 20 is a timing chart of an operation according 
to the fifth example of this invention; 
FIG. 21 is a timing chart of an operation according 
to a ninth example of this invention; 
FIG. 22 is a diagram showing a configuration of a 30 
pixel according to the tenth example of this inven- 
tion; 

FIG. 23 is a timing chart of an operation according 
to the tenth example of this invention; 
FIG. 24 is a diagram showing a configuration of a 35 
pixel according to the eleventh example of this in- 
vention; 

FIG. 25 is a timing chart of an operation according 
to the eleventh example of this invention; 
FIG. 26 is a diagram showing a configuration of a 40 
pixel according to the twelfth example of this inven- 
tion; 

FIG. 27 is a timing chart of an operation according 

to the twelfth example of this invention; 

FIG. 28 is a (first) diagram showing a configuration 45 

of a pixel according to the thirteenth example of this 

invention; 

FIG. 29 is a timing chart of an operation according 
to the thirteenth example of this invention; 
FIG. 30 is a (second) diagram showing a configu- 50 
ration of a pixel according to the thirteenth example 
of this invention; 

FIG. 31 is a (first) diagram showing a configuration 
of a pixel according to the fourteenth example of this 
invention; 55 
FIG. 32 is a (second) diagram showing a configu- 
ration of a pixel according to the fourteenth example 
of this invention; 



FIG. 33 is a (first) diagram showing a configuration 
of a pixel according to the fifteenth example of this 
invention; 

FIG. 34 is a timing chart of an operation according 
to the fifteenth example of this invention; 
FIG. 35 is a (second) diagram showing a configu- 
ration of a pixel according to the fifteenth example 
of this invention; 

FIG. 36 is a (third) diagram showing a configuration 
of a pixel according to the fifteenth example of this 
invention; 

FIG. 37 is a schematic plan view of a display appa- 
ratus of a light emitting display device; 
FIG. 38 is a diagram showing a configuration of a 
pixel according to a first conventional example; 
FIG. 39 is a diagram showing a configuration of a 
pixel according to a second conventional example; 
and 

FIG. 40 is a diagram showing a configuration of a 
pixel according to a third conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Now, embodiments of the present invention 
will be described in detail with reference to the drawings. 
In the following, the description will be made with regard 
to a light emitting device. However, it is illustrative only, 
and this invention can be applied to any typical current 
load element. 

[First Embodiment] 

[0025] FIG. 1 is a circuit diagram showing a configu- 
ration of one pixel according to a first embodiment of 
this invention. As shown in FIG. 1, a signal line SL ex- 
tending in a column direction, control lines CL1 to CL3 
extending in a row direction and voltage supply lines 
PB1 to PB3 run through a pixel 2, and a TFT Q, switches 
SW1 to SW3, a capacitance element C and a light emit- 
ting device LED are arranged in the pixel 2. A first ter- 
minal of the TFT Q, which is one of the drain or source 
thereof, is connected to the voltage supply line PB2, the 
switch SW3 is connected between a second terminal of 
the TFT Q, which is the other of the drain or source 
thereof, and the light emitting device LED, and the 
switch SW1 is connected between the second terminal 
of the TFT Q and the signal line SL. A terminal of the 
light emitting device LED on the other side of the switch 
SW3 is connected to the voltage supply line PB1. The 
switch SW2 is connected between the second terminal 
and gate of the TFT Q, and the capacitance element C 
is connected between the gate of the TFT Q and the 
voltage supply line PB3. Here, the switches SW1 , SW2 
and SW3 are controlled by the control lines CL1, CL2 
and CL3, respectively. 

[0026] FIG. 2 is a timing chart of a first example of an 
operation according to the first embodiment shown in 
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FIG. 1. According to this operation example, in a first 
operation state (current retaining state or row selection 
period), the switch SW1 is turned on by the control line 
CL1 , the switch SW2 is turned on by the control line CL2 
and the switch SW3 is turned off by the control line CL3. 
At this time, a current for providing an intended gray- 
scale is supplied to the signal line SL based on the cur- 
rent-brightness characteristic of the light emitting device 
LED. 

[0027] In the first operation state, the TFT Q operates 
in the saturation region because the second terminal 
and gate thereof are short-circuited by the switch SW2. 
Besides, since the switch SW3 has been turned off, any 
current does not flow through the light emitting device 
LED, and the light emitting device LED does not operate 
(emit light). The current supplied from the signal line SL 
flows into the TFT Q, and depending on the current/volt- 
age characteristics of the TFT Q, the gate voltage of the 
TFT Q is set at a value for passing the current across 
the drain and source thereof. At this time, the current 
from the signal line SL is not supplied to the capacitance 
of the light emitting device LED, and therefore, the gate 
voltage of the TFT Q is quickly set at the value for pass- 
ing the current from the signal line SL across the drain 
and source of the TFT Q. 

[0028] The subsequent second operation state (cur- 
rent supplying state) is a state where a row other than 
that including the shown pixel in the display device is 
selected, in which the switch SW1 is turned off by the 
control line CL1 , the switch SW2 is turned off by the con- 
trol line CL2 and the switch SW3 is turned on by the 
control line CL3. 

[0029] In the second operation state, the gate voltage 
of the TFT Q is held by the capacitance element C at 
the value in the first operation state. Thus, the TFT Q 
can supply the current supplied thereto from the signal 
line SL in the first operation state to the light emitting 
device LED through the switch SW3, and the light emit- 
ting device LED operates (emits light) to provide a 
brightness at an intended gray-scale level. 
[0030] According to this embodiment, the TFT Q in the 
pixel retains, depending on the current/voltage charac- 
teristics thereof, the gate voltage value to flow a current 
through the TFT Q from the signal line SL, and the TFT 
Q having retained the gate voltage value supplies the 
current, whose value is the same of the current from the 
signal line SL in the retaining state, to the light emitting 
device LED. Therefore, the current can be retained and 
supplied with high precision regardless of the current/ 
voltage characteristics of the TFT Q. 
[0031] For the operation shown in FIG. 2, since the 
control lines CL1 and CL2 operate the same, they can 
be integrated into one control line. Furthermore, in the 
case where the switches are constituted by TFTs with 
the types of conductivity differing between the switches 
SW1, SW2 and the switch SW3, the control lines CL1 
to CL3 can be integrated into one control line. 
[0032] FIG. 3 is a timing chart of a second operation 



example according to the first embodiment shown in 
FIG. 1 . A difference between this operation example and 
the first operation example shown in FIG. 2 is that, in 
the first operation state, the switch SW2 is turned off ear- 

5 lier than the switch SW1. For such an operation, if the 
switch SW2 is an element having a capacitance be- 
tween the gate and the drain, such as TFT, a TFT having 
the source and the drain short-circuited can be connect- 
ed between the switch SW2 and the gate of the TFT Q 

10 as a dummy switch. 

[0033] In the operation example shown in FIG. 3, the 
control lines CL1 and CL2 cannot be integrated. How- 
ever, since the switches SW1 and SW3 are reverse-act- 
ing switches, the switches SW1 and SW3 can be con- 

15 stituted by the TFTs with different types of conductivity 
(polarity), whereby the control lines CL1 and CL3 can 
be integrated. 

[0034] FIG. 4 is a timing chart of a third operation ex- 
ample according to the first embodiment shown in FIG. 

20 1 . According to this operation example, in the first oper- 
ation state (current retaining state or row selection pe- 
riod), the shown pixel is selected, the switch SW1 is 
turned on by the control line CL1, the switch SW2 is 
turned on by the control line CL2 and the switch SW3 is 

25 turned off by the control line CL3. Thus, the same oper- 
ation as the first operation example shown in FIG. 2 is 
conducted. 

[0035] The subsequent second operation state (cur- 
rent supplying state) is a state where a row other than 

30 that including the pixel shown in FIG. 1 is selected, in 
which the switch SW1 is turned off by the control line 
CL1 , the switch SW2 is turned off by the control line CL2 
and the switch SW3 is turned on by the control line CL3. 
[0036] In this state, the gate voltage of the TFT Q is 

35 identical to that retained by the capacitance element C 
in the first operation state, and the TFT Q supplies the 
current supplied thereto from the signal line SL in the 
first operation state to the light emitting device LED 
through the switch SW3 to cause the light emitting de- 

40 vice LED to emit light with a brightness at an intended 
gray-scale level. 

[0037] In the subsequentthird operation state (current 
stop state), the row other than that including the shown 
pixel has been selected, and the switch SW3 is turned 

45 off by the control line CL3 before the row including the 
shown pixel is selected again. Thus, the supply of the 
current to the light emitting device LED is stopped, and 
the light emitting device LED stops the operation thereof 
(light emission). 

50 [0038] In the third operation example, among the first 
to third operation states, the light emitting device LED 
emits light in the second operation state, stops light 
emission for a short while in the first operation state and 
does not emitlight in the third operation state. Therefore, 

55 it is possible to cause the light emitting device LED to 
emit light only for a fraction of one frame period. For ex- 
ample, if the light emitting device is caused to emit light 
for one third of one frame period, three times the current 



6 



11 



EP 1 288 902 A1 



12 



is to be supplied thereto to provide the same time-aver- 
age brightness as in the case of light emission for the 
whole period. If the current value is raised, a time re- 
quired for charging a wiring capacitance such as signal 
line can be reduced, and the period of the first operation 
state required for retaining the current can be shortened. 
Therefore, this operation example is ready for the in- 
crease in wiring capacitance due to higher definition and 
larger screen. In addition, since the light emitting device 
does not emit light in the third operation state in this op- 
eration example, the display operation is similar to that 
of CRTs and an afterimage is hard to remain, and thus, 
moving images can be displayed with high quality. 
[0039] In driving according to this operation example, 
the switches SW1 and SW2 operate the same, and thus, 
the control lines CL1 and CL2 can be integrated. 
[0040] The third and second operation examples can 
be combined with each other. That is, the timing chart 
shown in FIG. 4 can be modified so that the switch SW2 
is turned off before the first operation state expires. 

[Second Embodiment] 

[0041] FIG. 5 is a circuit diagram showing a configu- 
ration of one pixel according to a second embodiment 
of this invention. As shown in FIG. 5, a signal line SL 
extending in a column direction, control lines CL1 to CL3 
extending in a row direction and voltage supply lines 
PB1 to PB3 run through a pixel 2, and a TFT Q, switches 
SW1 to SW3, a capacitance element C and a light emit- 
ting device LED are arranged in the pixel 2. A first ter- 
minal of the TFT Q, which is one of the drain or source 
thereof, is connected to the voltage supply line PB2, the 
switch SW3 is connected between a second terminal of 
the TFT Q, which is the other of the drain or source 
thereof, and the light emitting device LED, and the 
switch SW1 is connected between the second terminal 
of the TFT Q and the signal line SL. A terminal of the 
light emitting device LED on the other side of the switch 
SW3 is connected to the voltage supply line PB1. The 
switch SW2 is connected between the signal line SL and 
the gate of the TFT Q, and the capacitance element C 
is connected between the gate of the TFT Q and the 
voltage supply line PB3. Here, the switches SW1 , SW2 
and SW3 are controlled by the control lines CL1 , CL2 
and CL3, respectively. 

[0042] FIG. 6 is a timing chart of a first operation ex- 
ample according to this embodiment. According to this 
operation example, a first operation state (current re- 
taining state or row selection period) includes a pre- 
charge (voltage application) period and a current writing 
period. Providing the precharge period and applying an 
appropriate voltage during the precharging enable the 
first operation state to be shortened, in particular, in the 
case where a low current is to be retained in the pixel 
circuit. 

[0043] According to the first operation example of this 
embodiment, in the precharge period in the first opera- 



tion state, the shown pixel 2 is selected, the switches 
SW1 and SW3 are turned off, and the switch SW2 is 
turned on to apply a precharge voltage to the capaci- 
tance element C and the gate of the TFT Q through the 

5 signal line SL. Then, in the current writing period in the 
first operation state, as in the first embodiment, the 
switches SW1 and SW2 are turned on and the switch 
SW3 is turned off to apply to the capacitance element 
C and the gate of the TFT Q a voltage for passing the 

10 current supplied through the signal line SL across the 
drain and source of the TFT Q, thereby retaining the cur- 
rent. 

[0044] According to the operation example of the first 
embodiment, the voltage is applied to the capacitance 

15 element C relying on the current, a low current value 
would be affected by the load of the signal line SL or the 
like, so that it would take a long time for the voltage ap- 
plied to the gate of the TFT Q and the capacitance ele- 
ment to be settled. Thus, a long first operation state 

20 would be needed. To the contrary, according to this op- 
eration example, the precharge period in the first oper- 
ation state, in which the voltage is precharged in the gate 
of the TFT Q and the capacitance element C, is short. 
When the precharged voltage is changed to an appro- 

25 priate voltage to be applied to the gate of the TFT Q and 
the capacitance element C during the current writing pe- 
riod, the current writing period can also be reduced. 
Thus, the first operation state (total of the precharge pe- 
riod and the current writing period) can be reduced. 

30 [0045] A second operation state (current supplying 
state) is a state where a pixel in a row other than the 
shown row is selected, in which as in the first embodi- 
ment, the switches SW1 and SW2 are turned off and the 
switch SW3 is turned on to supply the retained current 

35 from the TFT Q to the light emitting device LED. 

[0046] The precharging operation in this operation ex- 
ample can be realized by changing the signal applied to 
the pixel 2 through the signal line SL without changing 
the timings of the switching operations according to the 

40 first embodiment. However, according to the first em- 
bodiment, if a voltage is applied to the gate of the TFT 
Q and the capacitance element C through the signal line 
SL in the precharge period in the first operation state, 
the voltage may be different from the voltage applied to 

45 the signal line SL because a current path is established. 
To the contrary, according to the second embodiment, 
since only the switch SW 2 is in on state in the precharge 
period in the first operation state, no current path is es- 
tablished during the precharging. Thus, a precise volt- 

50 age can be advantageously precharged to the gate of 
the TFT Q and the capacitance element C. 
[0047] In this operation example, the timing for switch- 
ing the switch SW1 from the off state to the on state is 
modified. Modifying the second and third operation ex- 

55 amples of the first embodiment in this way can provide 
the first embodiment with the advantages of the first op- 
eration example of the second embodiment in addition 
to its original advantages. On the other hand, according 
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to the second embodiment, all the operation example of 
the first embodiment is possible, and the advantages 
thereof are also provided. Furthermore, as in the first 
embodiment, the configuration of the pixel 2 can be sim- 
plified by appropriately selecting the types of conductiv- 5 
ity of the transistors and integrating the control lines for 
the operations. 

[Third Embodiment] 

10 

[0048] FIG. 7 is a circuit diagram showing a configu- 
ration of one pixel according to a third embodiment of 
this invention. As shown in FIG. 7, a signal line SL ex- 
tending in a column direction, control lines CL1 to CL3 
extending in a row direction and voltage supply lines 15 
PB1 to PB3 and PBS run through a pixel 2, and a TFT 
Q1, a TFT Q2, switches SW1 to SW3, a capacitance 
element C and a light emitting device LED are arranged 
in the pixel 2. The TFT Q1 and the TFT Q2 are connect- 
ed in series, one of the drain and source of the TFT Q2, 20 
which is not connected to the TFT Q1 , is connected to 
the voltage supply line PB2, the switch SW3 is connect- 
ed between the light emitting device LED and one of the 
drain and source of the TFT Q1 , which is not connected 
to the TFT Q2, and the switch SW1 is connected be- 25 
tween the signal line SL and the terminal of the TFT Q1 , 
which is not connected to the TFT Q2. A terminal of the 
light emitting device LED on the other side of the switch 
SW3 is connected to the voltage supply line PB1. The 
switch SW2 is connected between the gate of the TFT 30 
Q1 and the terminal thereof, which is not connected to 
the TFT Q2, the capacitance element C is connected 
between the gate of the TFT Q1 and the voltage supply 
line PB3, and the gate of the TFT Q2 is connected to 
the voltage supply line PB5. Here, the switches SW1, 35 
SW2 and SW3 are controlled by the control lines CL1, 
CL2 and CL3, respectively. 

[0049] According to the third embodiment, the TFT 
Q2 r which is biased by the voltage supply line PBS, is 
provided. Therefore, the TFT Q1 and the TFT Q2 are 40 
cascode-connected to each other and can be both made 
to operate in the saturation region. Thus, the drain bias 
dependency of the current/voltage characteristic of TFT 
Q1 in the saturation region can be improved. 
[0050] According to the third embodiment, the TFT 45 
Q2, which is biased by the voltage supply line PBS, is 
provided. Therefore, the TFT Q1 and the TFT Q2 are 
cascode-connected to each other and can be both made 
to operate in the saturation region. Thus, the drain bias 
dependency of the TFT Q1 in the saturation region can 50 
be improved. 

[0051] The operation of the pixel in the third embodi- 
ment is the same as in the first embodiment except for 
the operation of the TFT Q2, and the advantages of the 
operation examples in the first embodiment can be pro- 55 
vided. Furthermore, in this embodiment, changing the 
connection of the switches can realize the same opera- 
tion as in the second embodiment, and the advantages 



of the operation example thereof can be provided. 
[Fourth Embodiment] 

[0052] FIG. 8 is a circuit diagram showing a configu- 
ration of one pixel according to a fourth embodiment of 
this invention. As shown in FIG. 8, a signal line SL ex- 
tending in a column direction, control lines CL1 to CL4 
extending in a row direction and voltage supply lines 
PB1 to PB4 run through a pixel 2, and a TFT Q, switches 
SW1 to SW4, a capacitance element C and a light emit- 
ting device LED are arranged in the pixel 2. A first ter- 
minal of the TFT Q, which is one of the drain or source 
thereof, is connected to the voltage supply line PB2, the 
switch SW3 is connected between a second terminal of 
the TFT Q, which is the other of the drain or source 
thereof, and the light emitting device LED, and the 
switch SW1 is connected between the second terminal 
of the TFT Q and the signal line SL. A terminal of the 
light emitting device LED on the other side of the switch 
SW3 is connected to the voltage supply line PB1. The 
switch SW4 has one terminal connected between the 
light emitting device LED and the switch SW3 and the 
other terminal connected to the voltage supply line PB4. 
The switch SW2 is connected between the second ter- 
minal and gate of the TFT Q, and the capacitance ele- 
ment C is connected between the gate of the TFT Q and 
the voltage supply line PB3. Here, the switches SW1, 
SW2, SW3 and SW4 are controlled by the control lines 
CL1, CL2, CL3 and CL4, respectively. 
[0053] FIG. 9 is a timing chart of an operation example 
according to the fourth embodiment of this invention 
shown in FIG. 8. According to this operation example, 
in a first operation state (current retaining state or row 
selection period), the shown pixel is selected, the switch 
SW1 is turned on by the control I ineCLI, the switch SW2 
is turned on by the control line CL2, and the switches 
SW3 and SW4 stay off and on under the action of the 
control lines CL3 and CL4, respectively. In this state, as 
in the case of the circuit of the first embodiment, a volt- 
age of the capacitance C and the gate of the TFT Q is 
set at a value for passing the current supplied through 
the signal line SL across the drain and source of the TFT 
Q, and a voltage is applied to one terminal of the light 
emitting device LED from the voltage supply line PB4 
through the switch SW4. The voltage applied to the light 
emitting device LED from the voltage supply line PB4 
should be at a level not causing the light emitting device 
LED to emit light. 

[0054] The subsequent second operation state (cur- 
rent supplying state) is a state where a row other than 
that including the pixel shown in FIG. 8 is selected, in 
which the switch SW1 is turned off by the control line 
CL1 , the switch SW2 is turned off by the control line CL2, 
the switch SW3 is turned on by the control line CL3, and 
the switch SW4 is turned off by the control line CL4. 
[0055] In this state, the gate voltage of the TFT Q is 
identical to that retained by the capacitance element C 
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in the first operation state, and the TFT Q supplies the 
current supplied thereto from the signal line SL in the 
first operation state to the light emitting device LED to 
cause the light emitting device LED to emit light with a 
brightness at an intended gray-scale level. 
[0056] In the subsequent third operation state (current 
stop state), the row other than that including the shown 
pixel has been selected, and the switch SW3 is turned 
off by the control line CL3 and the switch SW4 is turned 
on by the control line CL4 before the row including the 
shown pixel is selected again. Thus, the supply of the 
current to the light emitting device LED is stopped, and 
charges stored in the light emitting device LED are rap- 
idly removed, so that the light emitting device LED stops 
the operation thereof (light emission). 
[0057] This operation example is essentially the same 
as the third operation example according to the first em- 
bodiment shown in FIG. 4. However, since the charges 
stored in the light emitting device LED are forcedly re- 
moved by the action of the switch SW4, the light emis- 
sion by the light emitting device can be stopped simul- 
taneously with stopping the supply of the current there- 
to, so that the light emission period of the light emitting 
device can be controlled with higher precision. Here, for 
example, the voltage applied from the voltage supply 
line PB4 may be set at the same value as the voltage 
applied from the voltage supply line PB1 . In such a case, 
one terminal of the switch SW4 can be connected to the 
voltage supply line PB1 , rather than to the voltage sup- 
ply line PB4. Then, the voltage supply line PB4 is not 
necessary, so that the configuration of the pixel 2 can 
be simplified. 

[0058] In the operation example shown in Fig. 9, while 
the switches SW3 and SW4 are reverse-acting switches 
in the operation example shown in FIG. 9, a modification 
can be made to the switch SW4 so that it stays on only 
for a certain period from the beginning of the third oper- 
ation state. 

[0059] Furthermore, in the fourth embodiment, an op- 
eration similar to the second and third operation exam- 
ples in the first embodiment are possible. 
[0060] Not only the first embodiment, but also each 
the second and third embodiment performs an operation 
as that of the fourth embodiment by adding the fourth 
switch and the fourth control line in the fourth embodi- 
ment thereto, respectively. In such cases, the light emis- 
sion time of the light emitting device can be controlled 
more accurately without loss of the advantages inherent 
in the embodiments and there respective operations. 
[0061] As described in detail with regard to the first 
embodiment, for the operations in the first to fourth em- 
bodiments, the configuration of the pixel 2 can be sim- 
plified by appropriately selecting the types of conductiv- 
ity of the transistors and integrating the control lines. 
Furthermore, for example, the configuration of the pixel 
can be simplified by connecting a terminal of the capac- 
itance element C on the other side of the retaining node 
to the voltage supply line PB1 or PB2, so that the voltage 



supply line PB3 can be removed. Besides, the value of 
the voltage applied to the voltage supply line PB3 in the 
first and second operation state can be changed to 
change the current supplied to the light emitting device. 
5 For example, if the voltage applied to the voltage supply 
line PB3 in the second operation state is shifted from 
the voltage value in the first operation state to a level 
that causes the TFT Q to be turned off, the gate voltage 
of the TFT Q is also shifted by the same amount on a 
10 boot effect, and thus, the current can be prevented from 
flowing. Thus, a black state can be readily inserted for 
improving the moving images display. 

[Examples] 

15 

[0062] Now, examples of the present invention will be 
described in detail with reference to the drawings. In the 
following, the description will be made with regard to a 
light emitting device. However, it is illustrative only, and 
20 this invention can be applied to any typical current load 
element. 

[First Example] 

[0063] FIG. 1 0 shows a configuration of one pixel ac- 
cording to a first example of this invention. Here, all the 
pixels in the following examples are the pixel located in 
the Kth row and Mth column in the display apparatus 
shown in FIG. 37. A signal line SL (#M), a power supply 
line VCC, a ground line GND, a voltage supply line VS1 , 
a control line CL1 (#K) and a control line CL3 (#K) run 
through a pixel 2 according to the first example of this 
invention, and a p-TFT Qp, switches SW1 to SW3, a 
capacitance element C and a light emitting device LED 
are arranged in the pixel 2. The source of the p-TFT Qp 
is connected to the power supply line VCC, and the drain 
thereof is connected to one end each of the switches 
SW1 to SW3, respectively. The other end of the switch 
SW1 is connected to the signal line SL (#M), the other 
end of the switch SW2 is connected to the gate of the 
p-TFT Qp, and the other end of the switch SW3 is con- 
nected to an anode of the light emitting device LED. The 
switches SW1 and SW2 are controlled by a signal in the 
control line CL1 (#K), and the switch SW3 is controlled 
by a signal in the control line CL3 (#K). A cathode of the 
light emitting device LED is connected to the ground line 
GND, and one end of the capacitance element C is con- 
nected to the gate of the p-TFT Qp and the other end 
thereof is connected to the voltage supply line VS1 . The 
voltage of the voltage supply line VS1 should be kept 
constant. 

[0064] An operation according to this example will be 
described below. FIG. 11 shows a first operation state 
in this example, FIG. 12 shows a second operation 
state, and FIG. 13 is a timing chart of the operation. 
[0065] The first operation state (current retaining state 
or row selection period) in this operation example is a 
state where the Kth row in the display device is selected, 
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in which the switches SW1 and SW2 are turned on by 
the control line CL1 (#K), and the switch SW3 is turned 
off by the control line CL3 (#K). Besides, a current for 
providing an intended gray-scale is supplied to the sig- 
nal line SL (#M) based on the current-brightness char- 5 
acteristic of the light emitting device LED. That is, as 
shown in FIG. 11 , a current I flows from the power supply 
line VCC to the signal line SL (#M) through the p-TFT 
Qp- 

[0066] In the first operation state, the p-TFT Qp oper- 10 
ates in the saturation region because the drain and the 
gate thereof is short-circuited by the switch SW2. Be- 
sides, since the switch SW3 has been turned off, any 
current does not flow through the light emitting device 
LED, and the light emitting device LED does not operate 15 
(emit light). The current supplied from the signal line SL 
(#M) flows into the p-TFT Qp, and depending on the cur- 
rent/voltage characteristics of the p-TFT Qp, the gate 
voltage of the p-TFT Qp is set at a value for passing the 
current across the drain and source thereof. At this time, 20 
the capacitance of the light emitting device LED is inde- 
pendent of the operation of passing the current through 
the p-TFT Qp, and needs not to be charged or dis- 
charged by the current from the signal line SL (#M). 
Thus, the gate voltage of the p-TFT Qp is quickly set. 25 
[0067] The second operation state (current supplying 
state) in this example is a state where a row other than 
the Kth row in the display device is selected, in which 
the switches SW1 and SW2 are turned off by the signal 
in the control line CL1 (#K), and the switch SW3 is turned 30 
on by the signal in the control line CL3 (#K). 
[0068] In this operation state, the gate voltage of the 
p-TFT Qp is held by the capacitance element C at the 
value in the first operation state, and thus, it is the same 
as the voltage between the gate and source of the p-TFT 35 
Qp in the first operation state. Since the p-TFT Qp sup- 
plies the current supplied thereto from the signal line SL 
(#M) in the first operation state to the light emitting de- 
vice LED through the switch SW3, the light emitting de- 
vice LED operates (emits light) to provide a brightness 40 
at an intended gray-scale level. That is, at this time, as 
shown in FIG. 12, the same current I as in the case 
shown in FIG. 11 flows from the power supply line VCC 
to the ground line GND through the p-TFT Qp and the 
light emitting device LED. In this first operation example, 45 
the same TFT serves both to retain the current and to 
supply the current as described above. Therefore, the 
current can be retained and supplied with high precision. 

[Second Example] 50 

[0069] FIG. 14 is a circuit diagram showing a config- 
uration of one pixel according to a second example of 
this invention. The second example is the same as the 
first example except that the channel type of the TFT for 55 
supplying the current is changed from the p-channel 
type to the n-channel type. That is, an n-channel type 
TFT (n-TFT, hereinafter) is used instead of the p-TFT in 



the first example. A signal line SL (#M), a power supply 
line VCC, a ground line GND, a voltage supply line VS1 , 
a control line CL1 (#K) and a control line CL3 (#K) run 
through a pixel 2 according to the second example of 
this invention, and an n-TFT Qn, switches SW1 to SW3, 
a capacitance element C and a light emitting device LED 
are arranged in the pixel 2. The source of the n-TFT Qn 
is connected to the ground line GND, and the drain 
thereof is connected to one end each of the switches 
SW1 to SW3, respectively. The other end of the switch 
SW1 is connected to the signal line SL (#M), the other 
end of the switch SW2 is connected to the gate of the 
n-TFT Qn, and the other end of the switch SW3 is con- 
nected to a cathode of the light emitting device LED. The 
switches SW1 and SW2 are controlled by a signal in the 
control line CL1 (#K), and the switch SW3 is controlled 
by a signal in the control line CL3 (#K). An anode of the 
light emitting device LED is connected to the power sup- 
ply line VCC, and one end of the capacitance element 
C is connected to the gate of the n-TFT Qn and the other 
end thereof is connected to the voltage supply line VS1 . 
The voltage of the voltage supply line VS1 is kept con- 
stant. 

[0070] In this example, the control timing chart is the 
same as that in the first example shown in FIG. 1 3, and 
the circuit according to this example operates the same 
and has the same advantage as in the first example. 

[Third Example] 

[0071] FIG. 15 is a circuit diagram showing a config- 
uration of a pixel according to a third example of this 
invention, and FIG. 16 is a timing chart of an operation 
thereof. 

[0072] A signal line SL (#IS/I), a power supply line VCC, 
a ground line GND, a voltage supply line VS1 and a con- 
trol line CL1 (#K) run through a pixel 2 according to this 
example, and a p-TFT Qp1 , a p-TFT QP2, an n-TFT 
Qn1 , an n-TFT Qn2, a capacitance element C and a light 
emitting device LED are arranged in the pixel 2. In this 
example, the n-TFT Qn1 , the n-TFT Qn2 and the p-TFT 
Qp2 serve as the switches SW1, SW2 and SW3 in the 
first example, respectively (the p-TFT Qp1 serves as the 
p-TFT Qp in the first example). The operation according 
to the timing chart shown in FIG. 16 is the same as in 
the first example. According to the arrangement in this 
example, the control lines can be united into one. 

[Fourth Example] 

[0073] FIG. 17 is a circuit diagram showing a config- 
uration of a pixel according to a fourth example of this 
invention, and FIG. 18 is a timing chart of an operation 
thereof. 

[0074] A signal line SL (#M), a power supply line VCC, 
a ground line GND, a voltage supply line VS1, a control 
line CL1 (#K) and a control line CL2 (#K) run through a 
pixel 2 according to this example, and a p-TFT Qp1, a 
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p-TFT Qp2, an n-TFT Qn1, an n-TFT Qn2, a capaci- 
tance element C and a light emitting device LED are ar- 
ranged in the pixel 2. This example is different from the 
third example in that the control line CL2 (#K) is addi- 
tionally provided and the gate of the n-TFT Qn2 is con- 
trolled by the control line CL2 (#K). The operation ac- 
cording to the timing chart shown in FIG. 18 is essen- 
tially the same as in the third example (see FIG. 1 6). In 
this example, however, as shown in the timing chart 
shown in FIG. 1 8, the n-TFT Qn2 is turned off earlier by 
the control line CL2 (#K), and then, the p-TFT Qp2 is 
turned on and then-TFT Qn1 is turned off by the control 
line CL1 (#K). According to such an operation, a noise 
caused by the on/off operation of the p-TFT Qp2 and 
n-TFT Qn1 can be prevented from being transmitted to 
the gate of the p-TFT Qp1 . Thus, a more precise current 
can be supplied to the light emitting device LED from 
the p-TFT Qp1. 

[Fifth Example] 

[0075] FIG. 19 is a circuit diagram showing a config- 
uration of a pixel according to a fifth example of this in- 
vention, and FIG. 20 is a timing chart of an operation 
thereof. 

[0076] A signal line SL (#M), a power supply line VCC, 
a ground line GND, a power supply line VS1, a control 
line CL1 (#K), a control line CL2 (#K) and a control line 
CL2B (#K) run through a pixel 2 according to this exam- 
ple, and a p-TFT Qp1 , a p-TFT Qp2, an n-TFT Qn1 , an 
n-TFT Qn2, an n-TFT Qn3, a capacitance element C 
and a light emitting device LED are arranged in the pixel 
2. This example is different from the fourth example (see 
FIG. 1 7) in that the control line CL2B (#K) and the n-TFT 
Qn3 controlled by the control line CL2B (#K) are addi- 
tionally provided. The n-TFT Qn3 has the source and 
the drain short-circuited and an appropriate ratio (W/L) 
between a gate length (L) and gate width (W) thereof 
with respect to the ratio of the n-TFT Qn2, and is con- 
nected between the gate of the p-TFT Qp1 and the drain 
(or source) of the n-TFT Qn2. Since the n-TFT Qn2 has 
a capacitance (capacitance between the gate and the 
drain (or source)), when the n-TFT Qn2 is shifted from 
the on state to the off state, the charges stored therein 
are moved and the gate potential of the p-TFT Qp1 is 
disturbed. The n-TFT Qn3 is intended to cancel the 
movement of the charges for compensating for a voltage 
error at the gate of the p-TFT Qp1 . And, the n-TFT Qn3 
has a capacitance equivalent to that between the gate 
and the drain (or source) of the n-TFT Qn2, and is con- 
trolled by the control line CL2B (#K) that carries an in- 
version signal of the signal in the control line CL2 (#K) 
for the n-TFT Qn2. In most cases, the ratio between the 
gate length and gate width of the n-TFT Qn3 is set at 
one half of that of the n-TFT Qn2. However, the ratio 
may vary with a timing condition or the like. According 
to this example including the n-TFT Qn3, a more precise 
current can be supplied to the light emitting device LED 



from the p-TFT Qp1. 
[Sixth Example] 

5 [0077] A sixth example is equivalent to the third ex- 
ample (see FIG. 15) having the channel types of all the 
TFTs being inverted. Therefore, the operation timing 
chart in this example is equivalent to that in the third 
example shown in FIG. 16 having the signals ofthecon- 

10 trol lines CL1 (#K) and CL1 (#(K+1)) being inverted. 

[Seventh Example] 

[0078] A seventh example is equivalent to the fourth 
15 example (see FIG. 17) having the channel types of all 
the TFTs being inverted. Therefore, the operation timing 
chart in this example is equivalent to that in the fourth 
example shown in FIG. 1 8 having the signals of the con- 
trol lines CL1 (#K), CL1 (#(K+1)), CL2 (#K) and CL2 (# 
(K+1)) being inverted. 

[Eighth Example] 

[0079] An eighth example is equivalent to the fifth ex- 
ample (see FIG. 19) having the channel types of all the 
TFTs being inverted. Therefore, the operation timing 
chart in this example is equivalent to that in the fifth ex- 
ample shown in FIG. 20 having the signals of the control 
lines CL1 (#K), CL1 (#(K+1)), CL2 (#K), CL2 (#(K+1)), 
CL2B (#K) and CL2B (#(K+1)) being inverted. 

[Ninth Example] 

[0080] FIG. 21 is a timing chart of an operation ac- 
cording to a ninth example of this invention. The config- 
uration of the pixel of the display device used in this ex- 
ample is the same as that in the first example shown in 
FIG. 10. 

[0081] The first operation state (current retaining state 
or row selection period) in this example is a state where 
the Kth row in the display device is selected, in which 
the switches SW1 and SW2 are turned on by the control 
line CL1 (#K), and the switch SW3 is turned off by the 
control line CL3 (#K). Besides, a current for providing 
an intended gray-scale is supplied to the signal line SL 
(#M) based on the current-brightness characteristic of 
the light emitting device LED. 
[0082] The operation in the first operation state is the 
same as that in the first example described with refer- 
ence to FIGS. 10 to 13, and therefore, detailed descrip- 
tion thereof is omitted. 

[0083] The second operation state (current supplying 
state) in this example is a state where a row other than 
the Kth row in the display device is selected, in which 
the switches SW1 and SW2 are turned off by the control 
line CL1 (#K), and the switch SW3 is turned on by the 
control line CL3 (#K). 

[0084] In the second operation state, the gate voltage 
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of the p-TFT Qp is held by the capacitance element C 
at the value in the first operation state, and thus, the 
voltage across the gate and source of the p-TFT Qp is 
the same as that in the first operation state. Since the 
p-TFT Qp supplies the current supplied thereto from the 5 
signal line SL (#M) in the first operation state to the light 
emitting device LED through the switch SW3, the light 
emitting device LED operates (emits light) to provide a 
brightness at an intended gray-scale level. 
[0085] The third operation state (current stop state) in 10 
this example corresponds to apart of the period of the 
second operation state before entering into the first op- 
eration state, in which the switch SW3 is turned off by 
the control line CL2 (#K) while the switches SW1 and 
SW2 are held in the off state by the control line CL1 (#K). w 
During the period, since the switch SW3 is in the off 
state, any current is not supplied to the light emitting de- 
vice LED, and the light emitting device LED does not 
operate (emit light). 

[0086] According to this example, in addition to the 20 
advantages of the capability of quickly retaining a cur- 
rent and supplying the retained current to the light emit- 
ting device LED with high precision, which are attained 
by the first to eighth examples, the following advantage 
can be expected. In this example, among the first to third 25 
operation states, the light emitting device LED emits 
light in the second operation state, stops light emission 
for a short while in the first operation state and does not 
emit light in the third operation state. Therefore, the 
time-average brightness of the display device is T2/ 30 
(T1 +T2+T3) times the brightness in the second opera- 
tion state, where T1 denotes a period of the first opera- 
tion state, T2 denotes a period of the second operation 
state and T3 denotes a period of the third operation 
state. Assuming that one frame period, which is the 35 
product of the selection time and the number of stages 
(rows) to be controlled, is denoted by T, and T1 = 0.005T, 
T2 = 0.25T and T3 = 0.745T, for example, the brightness 
of the display device is 0.25 times the brightness in the 
second operation state. Accordingly, the brightness of 40 
the light emitting device LED in the second operation 
state is required to be about four times higher than that 
in the second operation state of the examples not having 
third operation state. If the current-brightness charac- 
teristic of the light emitting device LED exhibits a pro- 45 
portionality, the four times larger current is needed. Ac- 
cording to this example, due to the presence of the third 
operation state, the current passing through the light 
emitting device LED can be larger compared with the 
other examples. Thus, a time required for charging a wir- 50 
ing capacitance such as signal line can be reduced, and 
the period of the first operation state required for retain- 
ing the current can be shortened. Therefore, this exam- 
ple is ready for the increase in wiring capacitance and 
the reduction of the selection time due to higher defini- 55 
tion and larger screen. In addition, since the light emit- 
ting device LED does not emit light in the third operation 
state in this example, the display operation is similar to 



that of CRTs and an afterimage is hard to remain, and 
thus, moving images can be displayed with high quality. 

[Tenth Example] 

[0087] FIG. 22 is a circuit diagram showing a config- 
uration of a pixel according to a tenth example of this 
invention. A signal line SL (#M), a power supply line 
VCC, a ground line GND, a voltage supply line VS1, a 
control line CL1 (#K) and a control line CL3 (#K) run 
through a pixel 2 according to this example, and a p-TFT 
Qp1 , a p-TFT Qp2, an n-TFT Qn1 , an n-TFT Qn2, a ca- 
pacitance element C and a light emitting device LED are 
arranged in the pixel 2. The pixel 2 in this example is 
equivalent to the pixel in the third example (see FIG. 1 5) 
additionally having the control line CL3 (#K), which con- 
trols the p-TFT Qp2. FIG. 23 is a timing chart of an op- 
eration according to this example, which is equivalent 
to that in the ninth example shown in FIG. 21 having the 
signals of the control lines CL3 (#K) and CL3 (#(K+1)) 
being inverted. The circuit in this example operates the 
same as in the ninth example. 

[Eleventh Example] 

[0088] FIG. 24 is a circuit diagram showing a config- 
uration of a pixel according to an eleventh example of 
this invention, and FIG. 25 is a timing chart of an oper- 
ation thereof. A signal line SL (#M), a power supply line 
VCC, a ground line GND, a voltage supply line VS1, a 
control line CL1 (#K), a control line CL2 (#K) and a con- 
trol line CL3 (#K) run through a pixel 2 according to this 
example, and a p-TFT Qp1, a p-TFT Qp2, an n-TFT 
Qn1 , an n-TFT Qn2, a capacitance element C and a light 
emitting device LED are arranged in the pixel 2. The pix- 
el 2 in this example is equivalent to the pixel in the tenth 
example (see FIG. 22) additionally having the control 
line CL2 (#K), which controls the n-TFT Qn2. 
[0089] The operation according to the timing chart 
shown in FIG. 25 is a combination of the operation ac- 
cording to the tenth example shown in FIG. 23 and the 
operation according to the fourth example shown in FIG. 
17. That is, the n-TFT Qn2 is turned off earlier by the 
control line CL2 (#K), and then, the n-TFT Qn1 is turned 
off by the control line CL1 (#K) and the p-TFT Qp2 is 
turned on by the control line CL3 (#K) to prevent a noise 
caused by the on/off operations of the p-TFT Qp2 and 
n-TFT Qn1 from being transmitted to the gate terminal 
of the p-TFT Qp1 . Then, the operation shifts to the sec- 
ond operation state, and after that, the third operation 
state is implemented (the p-TFT Qp2 is turned off). 

[Twelfth Example] 

[0090] FIG. 26 is a circuit diagram showing a config- 
uration of a pixel according to a twelfth example of this 
invention, and FIG. 27 is a timing chart of an operation 
thereof. A signal line SL (#M), a power supply line VCC, 
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a ground line GND, a voltage supply line VS1 , a control 
line CL1 (#K), a control line CL2 (#K), a control line CL2B 
(#K) and a control line CL3 (#K) run through a pixel 2 
according to this example, and a p-TFT Qp1, a p-TFT 
Qp2, an n-TFT Qn1, an n-TFT Qn2, an n-TFT Qn3, a 
capacitance element C and a light emitting device LED 
are arranged in the pixel 2. The pixel according to this 
example is equivalent to that in the eleventh example 
(see FIG. 24) additionally having the control line CL2B 
(#K) and the n-TFT Qn3 controlled by the control line 
CL2B (#K), which is a combination of the eleventh ex- 
ample and the fifth example (see FIG. 19). 
[0091] The operation according to the timing chart 
shown in FIG. 27 is a combination of the operation ac- 
cording to the eleventh example shown in FIG. 25 and 
the operation according to the fifth example shown in 
FIG. 20, which is characterized in that the n-TFT Qn3 
absorbs a noise caused by switching of the n-TFT Qn2 
controlled by the control line CL2 (#K). 
[0092] As in the case of the second example for the 
first example, or the sixth to eighth examples for third to 
fifth examples, for each of the ninth to twelfth example, 
alternative examples in which the polarities of the TFTs 
are changed can be contemplated. In such cases, as in 
the case of the sixth to eighth examples for third to fifth 
examples, if the switch TFTs are used, the polarities of 
the TFTs are changed and the signals of the control lines 
are inverted. 

[Thirteenth Example] 

[0093] FIG. 28 is a circuit diagram showing a config- 
uration of a pixel according to a thirteenth example of 
this invention. A signal line SL (#M), a power supply line 
VCC, a ground line GND, a voltage supply line VS1 , con- 
trol lines CL1 (#K), CL2 (#K) and CL3 (#K) run through 
a pixel 2 according to this example, and a p-TFT Qp, 
switches SW1 to SW3, a capacitance element C and a 
light emitting device LED are arranged in the pixel 2. 
The source of the p-TFT Qp is connected to the power 
supply line VCC. The switch SW3, which is controlled 
by the control line CL3 (#K), is connected between the 
drain of the P-TFT Qp and an anode of the light emitting 
device LED, and the switch SW1 , which is controlled by 
the control line CL1 (#K), is connected between the 
drain of the p-TFT Qp and the signal line SL. A cathode 
of the light emitting device LED is connected to the 
ground line GND. In addition, the switch SW2, which is 
controlled by the control line CL2 (#K), is connected be- 
tween the signal line SL and the gate of the p-TFT Qp, 
and the capacitance element C is connected between 
the gate of the p-TFT Qp and the voltage supply line 
VS1. 

[0094] An operation according to the thirteenth exam- 
ple will be described below. FIG. 29 is a timing chart of 
an operation according to this example. 
[0095] The first operation state (current retaining state 
or row selection period) in this example is a state where 



the Kth row is selected, and includes two periods. In the 
first period (precharge period), the switch SW1 is turned 
off by the control line CL1 (#K), the switch SW2 is turned 
on by the control line CL2 (#K) and the switch SW3 is 

5 turned off by the control line CL3 (#K). During this peri- 
od, an appropriate voltage is applied to the gate of the 
p-TFT Qp through the signal line SL (#M). In the second 
period (current writing period), the switch SW1 is turned 
on by the control line CL1 (#K), and the switches SW2 

10 and SW3 are not changed from the respective states in 
the first period. During this period, a current correspond- 
ing to a gray-scale level is supplied to the p-TFT Qp 
through the signal line SL (#K), the gate voltage of the 
p-TFT Qp is set at a value for passing the current across 

15 the drain and source thereof, and the voltage is main- 
tained (retained) in the capacitance element C. The cur- 
rent writing period is equivalent to the first operation 
state in the first to twelfth examples. 
[0096] The second operation state (current supplying 

20 state) in this example is a state where a row other than 
the Kth row in the display device is selected, in which 
the switches SW1 and SW2 are turned off by the signal 
in the control line CL1 (#K), and the switch SW3 is turned 
on by the signal in the control line CL3 (#K). In this op- 

25 eration state, as in the second operation state in the first 
to twelfth examples, the p-TFT Q supplies the current 
retained during the first operation state to the light emit- 
ting device LED. 

[0097] This example is characterized in that the first 
30 operation state includes the precharge period in which 
a voltage is applied to the gate of the p-TFT Q. Applying 
an appropriate precharge voltage to the gate of the 
p-TFT Q during the precharge period can provide a 
shortened current writing period only enough for correc- 
35 tion. Thus, the period of the first operation state (total of 
the precharge period and the current writing period) can 
be shortened. While the first operation state including 
the similar precharge period can be implemented in the 
first to twelfth examples, a current path exists during the 
40 precharge period. To the contrary, in this example, since 
the switch SW1 stays off during the precharge period, 
no current path exist, and the voltage can be applied 
with high precision. 

[0098] Here, the arrangement according to the thir- 
45 teenth example is implemented by modifying the con- 
nection of the switch SW2 in the arrangement according 
to the first example. Therefore, the first to twelfth exam- 
ples can be similarly modified by changing the position 
of the switch SW2 as in the thirteenth example. FIG. 30 
50 shows such a modification of the third example (FIG. 
15) implemented by modifying the connection of the 
switch SW2 as in the example 13. These modified cir- 
cuits can perform the same operation as that of the first 
to twelfth examples and the thirteenth example which 
55 has the precharge operation, with the advantages of 
those examples. 
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[Fourteenth Example] 

[0099] FIG. 31 is a circuit diagram showing a config- 
uration of a pixel according to a fourteenth example of 
this invention. A signal line SL (#M), a power supply line 
VCC, a ground line GND, voltage supply lines VS1 ,VS3, 
control lines CL1 (#K) and CL3 (#K) run through a pixel 
2 according to this example, and a p-TFT Qp1 , a p-TFT 
Qp2, switches SW1 to SW3, a capacitance element C 
and a light emitting device LED are arranged in the pixel 
2. The source of the p-TFT Qp1 is connected to the pow- 
er supply line VCC via the p-TFT Qp2. The switch SW3, 
which is controlled by the control line CL3 (#K), is con- 
nected between the drain of the P-TFT Qp1 and an an- 
ode of the light emitting device LED, and the switch 
SW1, which is controlled by the control line CL1 (#K), is 
connected between the drain of the p-TFT Qp1 and the 
signal line SL (#M). A cathode of the light emitting device 
LED is connected to the ground line GND. In addition, 
the switch SW2, which is controlled by the control line 
CL1 (#K), is connected between the gate and drain of 
the p-TFT Qp1 , the capacitance element C is connected 
between the switch SW2 and the voltage supply line 
VS1 , and the gate of the p-TFT Qp2 is connected to the 
voltage supply line VS3. 

[0100] The operation in the fourteenth example is the 
same as that in the first example. However, in this ex- 
ample, the p-TFT Qp2, which is biased by the voltage 
supply line VS3, is provided. Therefore, for example, the 
p-TFT Qp1 and the p-TFT Qp2 can be both made to 
operate in the saturation region. Thus, the drain voltage 
dependency of the current/voltage characteristic of 
p-TFT Qp1 in the saturation region can be improved. 
[0101] Here, the arrangement according to the four- 
teenth example is implemented by adding the p-TFT 
Qp2 to the arrangement according to the first example. 
Therefore, the first to twelfth examples can be similarly 
modified by adding the p-TFT to the arrangements 
thereof as in the fourteenth example. FIG. 32 shows 
such a modification of the tenth example (FIG. 22) im- 
plemented by adding the p-TFT Qp3 thereto. Further- 
more, the thirteenth example can be similarly modified 
by adding another p-TFT to the arrangement thereof as 
in the fourteenth example. 

[Fifteenth Example] 

[0102] FIG. 33 is a circuit diagram showing a config- 
uration of a pixel according to a fifteenth example of this 
invention, and FIG. 34 is a timing chart of an operation 
in this example. A signal line SL (#M), a power supply 
line VCC, a ground line GND, a voltage supply line VS1 , 
a voltage supply line VS2, a control line CL1 (#K), a con- 
trol line CL3 (#K) and a control line CL4 (#K) run through 
a pixel 2 according to the fifteenth example of this in- 
vention, and a p-TFT Qp, switches SW1 to SW4, a ca- 
pacitance element C and a light emitting device LED are 
arranged in the pixel 2. The source of the p-TFT Qp is 



connected to the power supply line VCC, the switch 
SW3, which is controlled by the control line CL3 (#K), is 
connected between the drain of the p-TFT Qp and an 
anode of the light emitting device LED, and the switch 
5 SW1 , which is controlled by the control line CL1 , is con- 
nected between the drain of the p-TFT Qp and the signal 
line SL (#M). A cathode of the light emitting device LED 
is connected to the ground line GND. The switch SW4, 
which is controlled by the control line CL4 (#K), is con- 

10 nected between the anode of the light emitting device 
LED and the voltage supply line VS2. The switch SW2, 
which is controlled by the control line CL1 (#K), is con- 
nected between the drain and gate of the p-TFT Qp, and 
the capacitance element C is connected between the 

15 gate of the p-TFT Qp and the voltage supply line VS1 . 
[0103] In the first operation state (current retaining 
state or row selection period) in this operation example 
shown in FIG. 34, the Kth row in the display device is 
selected, the switches SW1 and SW2 are turned on by 

20 the control line CL1 (#K), the switch SW3 is turned off 
by the control line CL3 (#K), and the switch SW4 is 
turned on by the control line CL4 (#K) (however, opera- 
tion is possible regardless of whether the switch SW4 is 
in on or off state, in this operation state). Besides, a cur- 

25 rent for providing an intended gray-scale is supplied to 
the signal line SL (#M) based on the current-brightness 
characteristic of the light emitting device LED. In the first 
operation state, the voltage of the gate of the p-TFT Qp 
is the voltage which is corresponding to the current flow- 

30 jng across the drain and the source of the p-TFT Qp. 
The current is provided through the signal line SL(#M). 
[01 04] The second operation state (current supplying 
state) in this example is a state where a row other than 
the Kth row in the display device is selected, in which 

35 the switches SW1 and SW2 are turned off by the control 
line CL1 (#K), the switch SW3 is turned on by the control 
line CL3 (#K), and the switch SW4 is turned off by the 
control line CL4 (#K). In the second operation state, the 
gate voltage of the p-TFT Qp is held by the capacitance 

40 element C at the value in the first operation state, and 
thus, the voltage across the gate and source of the 
p-TFT Qp is the same as that in the first operation state. 
Since the current supplied thereto from the signal line 
SL (#M) in the first operation state is supplied to the light 

45 emitting device LED through the switch SW3, the light 
emitting device LED operates (emits light) to provide a 
brightness at an intended gray-scale level. 
[0105] The third operation state (current stop state) in 
this example, in which a row other than the Kth row in 

50 the display device is selected, corresponds to a period 
in which the switch SW3 is turned off by the control line 
CL3 (#K) and the switch SW4 is turned on by the control 
line CL4 (#K) while the switches SW1 and SW2 are held 
in the off state by the control line CL1 (#K). At the start 

55 of this operation state, the switch SW3 is turned off and 
the switch SW4 is turned on, whereby any current is not 
supplied to the light emitting device LED, and the volt- 
age VS3 is applied to the anode of the light emitting de- 
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vice. When the voltage VS3 is lower than the emitting 
voltage of the light emitting device LED, the light emitting 
device LED instantaneously stops the operation (light 
emission) at the start of the operation state. 
[0106] As in the other examples, according to this ex- 
ample, a current can be retained quickly and the re- 
tained current can be supplied to the light emitting de- 
vice LED with high precision. 

[0107] As in the ninth to twelfth examples, according 
to this example, the current passing through the signal 
line SL into the light emitting device LED can be in- 
creased. Thus, a time required for charging a wiring ca- 
pacitance such as signal line can be reduced, and the 
period of the first operation state required for retaining 
the current can be shortened. Therefore, this example 
is ready for the increase of the wiring capacitance ele- 
ment C and the reduction of the selection time due to 
higher definition and larger screen. 
[0108] In addition, according to this example, the 
switch SW4 is provided and can be turned on to apply 
the voltage VS3 to the light emitting device LED at the 
start of the third operation state, thereby instantaneous- 
ly stopping the light emission. In the ninth to twelfth ex- 
amples, even if the current path is interrupted by the 
switch SW3, a current is supplied to the light emitting 
device due to the charges stored in the capacitance of 
the light emitting device itself. Thus, the light emitting 
device continues to operate (emit light) until the voltage 
across the capacitance is sufficiently reduced. This light 
emission causes an error in determining the brightness 
of the display device based on the brightness in the sec- 
ond operation state and the periods of the respective 
operation states. On the other hand, according to this 
example, since the light emission can be stopped in- 
stantaneously by the switch SW4, the brightness of the 
display device can be determined with high precision 
based on the brightness in the second operation state 
and the periods of the first, second and third operation 
states. Also, as in the ninth to twelfth examples, since 
the light emission halts in the third operation state, the 
display operation is similar to that of CRTs, and thus, 
moving images can be displayed with high quality. 
[0109] Here, the arrangement according to the fif- 
teenth example is implemented by adding the switch 
SW4, the control line CL4 (#K) and the voltage supply 
line VS2 to the arrangement according to the first exam- 
ple (FIG. 1 0). Therefore, the first to twelfth examples can 
be similarly modified by adding the switch SW4, or TFT 
and its control line to the arrangements thereof as in the 
fifteenth example. FIG. 35 shows such a modification of 
the third example (FIG. 15) implemented by adding the 
n-TFT Qn3 and voltage supply line VS2 thereto. FIG. 36 
shows such a modification of the tenth example (FIG. 
22) implemented by adding the n-TFT Qn3 and the volt- 
age supply line VS2 thereto. Furthermore, adding the 
switch SW4 (or TFT serving as a switch) to the arrange- 
ments according to the thirteenth and fourteenth exam- 
ples can provide modifications with the characteristics 



of this example in addition to the characteristics of the 
thirteenth and fourteenth examples, respectively. 
[01 10] In the fifteenth example, the voltage supply line 
VS2 is only needed to feed a voltage for stopping the 
5 light emission momentarily when entering the third op- 
eration state. Therefore, for example, it may be integrat- 
ed with the ground line GND to simplify the configuration 
of the pixel 2 in this example. 

10 [Sixteenth Example] 

[0111] In the first to fifteenth examples, the voltage 
supply line VS1 , which is connected to one terminal of 
the capacitance element having the other terminal 

15 thereof connected to the gate of the TFT, is assumed to 
be kept at a constant voltage. Therefore, the power sup- 
ply line VCC or ground line GND may serve also as the 
voltage supply line VS1 , and in such a case, the config- 
uration of the pixel can be simplified. The value of the 

20 current to be supplied to the light emitting device can be 
changed by varying the voltage value of the voltage sup- 
ply line VS1 in the first operation state from that in the 
other operation states. 

[0112] For example, if the voltage of the voltage sup- 
25 ply line VS1 is shifted from the value in the first operation 
state to a level that causes the TFT to be turned off, the 
TFT can be turned off on the boot effect. If such an op- 
eration is performed on the entire light emitting display 
device or on each line, the entire light emitting display 
30 device or each line can be brought into the black state 
(a state where the light emitting devices are not activat- 
ed). 

[0113] The preferred embodiments and examples 
have been described above. However, this invention is 

35 not limited thereto and can be appropriately altered with- 
out departing the spirit and scope thereof. For example, 
as described above, elements other than the light emit- 
ting device including an inorganic EL and an organic EL 
device such as a light emitting diode may be used, and 

40 a general current load element may be used. The third 
switch (SW3), which is inserted in the current path of the 
light emitting device, may be disposed on the side of the 
poser supply line (or ground line), rather than on the side 
of the driving transistor for the light emitting device. Fur- 

45 thermore, while the fourth switch (SW4) is provided only 
in the case where the third switch is turned off earlier in 
the examples, it may be provided in the display device 
in which the third switch is turned off when the first switch 
is turned on. Furthermore, the switch used in this inven- 

50 tion is not limited to the TFT switch. The switch is es- 
sentially prescribed with regard to operation thereof. 
While the examples involving the simplified configura- 
tion have been described in the above-described exam- 
ples, the transistor serving as the switch may have any 

55 polarity as far as it adequately operates. 

[0114] A first advantage of this invention is that a pre- 
cise current can be supplied to the current load element. 
A first reason therefor is that the signal is supplied to the 
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signal line via the current, and the same transistor 
serves both to retain the current flowing through the sig- 
nal line and to supply the current to the current load el- 
ement, thereby preventing the performance of the cur- 
rent load element from being affected by the character- 
istic variation between the transistors. A second reason 
therefor is that the current from the signal line can be 
retained accurately because the current is retained in 
the state where any current is not supplied to the current 
load element. 

[0115] A second advantage is that a time required for 
retaining the current is short, and a higher definition can 
be supported, This is due to the fact that the switch be- 
tween the transistorfor retaining the current and the cur- 
rent load element stays off during a period of retaining 
the current, and thus, the retaining of the current can be 
conducted without being affected by the high load of the 
current load element (capacitance and resistance in 
parallel). 

[0116] Furthermore, according to the example in 
which the switch SW2 is turned off earlier than the switch 
SW1, the noise caused when the switch SW1 is 
changed in its state can be prevented from being trans- 
mitted to the gate of the TFT for driving the current load 
element. Thus, a high precision current can be supplied 
to the current load element. 

[0117] Furthermore, according to the example in 
which the switch SW2 is interposed between the signal 
line and the gate of the transistor for supplying a current, 
highly precise precharging operation can be performed, 
and the period for retaining the current can be short- 
ened. 

[0118] Furthermore, according to the example in 
which the transistor is interposed between the transistor 
for supplying a current and the power supply line, the 
drain voltage dependency of the drain current of the 
transistor for supplying a current can be improved by 
appropriately biasing the gate of the transistor. Thus, a 
high precision current can be supplied to the current 
load element. 

[0119] In the case where the current load element is 
the light emitting device, according to the example in 
which an operation state where any current does not 
flow through the light emitting device is provided during 
a period in which the pixel is deselected, the current to 
be retained can be increased, so that the current can be 
retained in a shorter time, and the operation becomes 
similar to that of CRTs, so that an afterimage is hard to 
remain. Thus, moving images can be displayed with 
higher quality. 



Claims 

1. A current load device, comprising: 

a driving transistor having a source connected 
to a power supply line or ground line; 



a first switch connected between a signal line 
supplied with a current or voltage and a drain 
of said driving transistor; 
a second switch connected between said signal 

5 line or the drain of said driving transistor and a 

gate of said driving transistor; 
a capacitance element having one terminal 
connected to a first voltage supply line and the 
other terminal connected to the gate of said 

10 driving transistor; and 

a serially-connected assembly of a current load 
element and a third switch, the serially-con- 
nected assembly being connected between the 
ground line or power supply line and the drain 

15 of said driving transistor. 

2. A current load device, comprising: 

a first transistor having a source connected to 
20 a power supply line or ground line and a gate 

connected to a second voltage supply line; 
a driving transistor serially connected to said 
first transistor; 

a first switch connected between a signal line 
25 supplied with a current or voltage and a drain 

of said driving transistor; 

a second switch connected between said signal 

line or the drain of said driving transistor and a 

gate of said driving transistor; 
30 a capacitance element having one terminal 

connected to a first voltage supply line and the 

other terminal connected to the gate of said 

driving transistor; and 

a serially-connected assembly of a current load 
35 element and a third switch, the serially-con- 

nected assembly being connected between the 
ground line or power supply line and the drain 
of said driving transistor. 

40 3. The current load device according to claim 1, 
wherein in a first operation state, said first and sec- 
ond switches are turned on and said third switch is 
turned off to store a gate voltage in accordance with 
current/voltage characteristics of said driving tran- 

45 sistor in said capacitance element so that the cur- 
rent flowing through said signal line flows between 
the drain and source of said driving transistor with- 
out passing a current through said current load el- 
ement, and then 

50 in a second operation state, said first and second 
switches are turned off and the third switch is turned 
on to let said driving transistor supply the current 
whose value is the same that of current having 
flowed through the signal line in said first operation 

55 state to said current load element through said third 
switch. 

4. The current load device according to claim 1, 



31 



EP 1 288 902 A1 



32 



wherein in a first operation state, said first and sec- 
ond switches are turned on and said third switch is 
turned off to apply the voltage applied to said signal 
line to the gate of said driving transistor and said 
capacitance element without passing a current 5 
through said current load element, and then a gate 
voltage in accordance with current/voltage charac- 
teristics of said driving transistor is stored in said 
capacitance element so that the current flowing 
through said signal line flows between the drain and 10 
source of said driving transistor, and 

in a second operation state, said first and sec- 
ond switches are turned off and the third switch is 
turned on to let said driving transistor supply the cur- 
rent whose value is the same that of current having 15 
flowed through the signal line in said first operation 
state to said current load element through said third 
switch. 

5. The current load device according to claim 1, 20 
wherein in a first operation state, said second switch 
between said signal line and said driving transistor 

is turned on and said first and third switches are 
turned off to apply the voltage applied to said signal 
line to the gate of said driving transistor and said 25 
capacitance element without passing a current 
through said current load element, and then, said 
first and second switches are turned on and said 
third switch is turned off to store a gate voltage in 
accordance with current/voltage characteristics of 30 
said driving transistor in said capacitance element 
so that the current flowing through said signal line 
flows between the drain and source of said driving 
transistor, and in a second operation state, said first 
and second switches are turned off and the third 35 
switch is turned on to let said driving transistor sup- 
ply the current whose value is the same that of cur- 
rent having flowed through the signal line in said first 
operation state to said current load element through 
said third switch. 40 

6. The current load device according to claim 3, 
wherein said third switch is turned off before said 
first switch is turned on, and is turned on after said 
first switch is turned off. 45 

7. The current load device according to claim 3, 
wherein said second switch is turned off before said 
first switch is turned off. 

50 

8. The current load device according to claim 1, 
wherein said driving transistor is constituted by a 
thin film transistor (TFT). 

9. The current load device according to claim 1, 55 
wherein the first, second and third switches are 
each constituted by a TFT. 



10. The current load device according to claim 1, 
wherein said first and second switches are TFTs 
having a same polarity, and said third switch is a 
TFT having a polarity opposite to that of said first 
and second switches. 

11. The current load device according to claim 1, 
wherein said first, second and third switches are 
controlled by one control line. 

12. The current load device according to claim 1, 
wherein said first and second switches are control- 
led by one control line. 

13. The current load device according to claim 1, 
wherein said first and third switches are controlled 
by one control line. 

14. The current load device according to claim 1, 
wherein a TFT which has the drain and source 
short-circuited and operates oppositely to said sec- 
ond switch TFT is connected between said second 
switch TFT and said driving transistor TFT as a 
dummy switch. 

15. The current load device according to claim 14, 
wherein a ratio (W/L) between a length (L) and a 
width (W) of the gate of said dummy switch TFT is 
a half the ratio between the length and the width of 
the gate of said second switch TFT 

1 6. The current load device according to claim 1 , further 
comprising a fourth switch having one terminal con- 
nected between said third switch and said current 
load element and another terminal connected to a 
third voltage supply line. 

17. The current load device according to claim 16, 
wherein a value of a voltage applied to said third 
voltage supply line is lower than a voltage value for 
said current load element to start to operate. 

18. The current load device according to claim 17, 
wherein said fourth switch is turned on when said 
third switch is turned off, whereby charges stored in 
said current load element are forcedly removed and 
the current flowing through said current load ele- 
ment is quickly stopped. 

19. The current load device according to claim 16, 
wherein said fourth switch is constituted by a TFT. 

20. The current load device according to claim 19, 
wherein said third and fourth switches are TFTs 
having opposite polarities, whereby said third and 
fourth switches are controlled by one control line. 

21. The current load device according to claim 1, 
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wherein said first voltage supply line is the power 
supply line or ground line. 

22. The current load device according to claim 1, 
wherein the voltage applied through said first volt- 
age supply line differs between said first operation 
state and said second operation state. 

23. A method for driving a current load device, the cur- 
rent load device being active-matrix driven and 
comprising a plurality of cells each comprising a 
current load element, a driving transistor for driving 
the current load element and a retention capaci- 
tance element for retaining a voltage to be applied 
to said driving transistor, wherein said current load 
element has not been driven not only for the period 
in which said retention capacitance element is set- 
ting an appropriate voltage level to be retained 
therein, but also for a part of the period in which said 
retention capacitance element does not perform the 
setting operation. 

24. The method for driving a current load device ac- 
cording to claim 23, wherein the supply of the cur- 
rent to said current load element is stopped before 
the operation for setting the voltage level for said 
retention capacitance element. 



first factor being the performance of said current 
load element in the case of being driven by said driv- 
ing transistor, and a second factor being a ratio be- 
tween a period in which said current load element 
5 operates and a period in which said current load el- 
ement does not operate. 

30. The current load device according to claim 1, 
wherein said current load element is a light emitting 

10 device. 

31. The current load device according to claim 1, 
wherein said current load element is an organic EL 
device. 

15 

32. The method for driving a current load device ac- 
cording to claim 23, wherein said current load ele- 
ment is a light emitting device. 

20 33. The method for driving a current load device ac- 
cording to claim 23, wherein said current load ele- 
ment is an organic EL device. 



25 



25. The method for driving a current load device ac- 
cording to claim 23, wherein when the supply of the 30 
current to said current load element is stopped, 
charges stored in said current load element is forc- 
edly removed. 

26. The method for driving a current load device ac- 35 
cording to claim 23, wherein when setting the volt- 
age level for saidretention capacitance element, 
said driving transistor operates in a saturation re- 
gion. 

40 

27. The method for driving a current load device ac- 
cording to claim 23, wherein when setting the volt- 
age level for said retention capacitance element, 
the performance of passing the current through said 
driving transistor is set after the performance of sup- 45 
plying the voltage to said retention capacitance el- 
ement and said driving transistor. 

28. The method for driving a current load device ac- 
cording to claim 23, wherein the operation for set- 50 
ting the voltage level for said retention capacitance 
element includes a period in which the current flow- 
ing through the signal line is passed across a drain 
and source of said driving transistor. 

55 

29. The method for driving a current load device ac- 
cording to claim 23, wherein a performance of said 
current load element is set based on two factors, a 
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